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NOTATION

The following is a fist of the acronyms, initialisms, and abbreviations (including units of
measure} used in this document. Sommne acronyms used in tables or equations only are defined in the
respective tables or equations.

ACRONYMS, INITIALISMS, AND ABBREVIATIONS

ADD applied daily dose

AEC U.8. Atomic Energy Commissiot

"ARAR - applicable or relevant and appropriate requirement

AWQC ambient water quality criteria

BA Baseline Assessment of the Chemical Plant Area of the Weldon Spring Site
(DOE/ER/21548-091)

CERCLA Comprehensive Environmental Response, Compensation, and Liability
Azt of 1980, as amended

CFR Code of Federa] Regulations

CSR Code of State Regulations

DNT dinitrotoluens -

DOE U.S. Department of Energy

EE/CA engineering evaluation/cost analysis

EEQ ecological effects guotient

EPA U.5. Environmental Protection Agency

FR Federa! Register

NCP National Qii and Hazardous Substances Pollution Contingency Plan

NEPA National Environmental Policy Act of 1969, as amended

NCAA National Oceanic and Atmospheric Admuinistration

ORAU Oak Ridge Associated Universities

PCRB polychlorinated bipheny]

RI/FS remedial investigation/feasibility study

TBC 10-be-considered (requ:renmnt}

TNT trinitrotoluane

UCL one-tailed 95% upper confidence limit of the arithmetic average

USC United States Code

UNITS OF MEASURE

*C  degree(s) Celsius ' dBA  decibel(s), A-weighted

°F degree(s) Fahrenheit ' ft ~ foot (feet)

<m centimeter(s) fi2 square foot (feet)

d day(s) g gramis}

vi



ha
in.
kg

pCi

hour(s) .
hectare(s)
inchies)
Kilograms)
kilometer(s)
liter{s)
nuctocuiels)
microgram(s)
meter(s)
square meter{s)
cubic meter(s}

i

milligram(s)

mile(s)

milliliter{s}

millirem(s} -
picocurie(s)

part(s) per mill:cn
radiation-absorbed dose
roentgen-equivalent man
second(s)

cubic yard(s)

year(s)




ENGINEERING EVALUATION/COST ANALYSIS FOR THE PROPOSED
REMOVAL ACTION AT THE SOUTHEAST DRAINAGE NEAR THE
WELDON SPRING SITE, WELDON SPRING, MISSOURI

1 OVERVIEW AND SUMMARY

This engineering evaluation/cost analysis (EE/CA) has been prepared to support the
proposed removal of contarninated sediment from selected portions of the Southeast Drainage as part
of cleanup activities being conducted at the Weldon Spring site in St. Charies County, Missouri, by
the U.S. Department of Energy (DOE). The cleanup activities are conducted in sccordance with the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as amended,
incorporating the values of the National Environmental Policy Act (NEPA), The Weldon Spring site
is located near the town of Welden Spring, about 48 km (30 mi) west of St. Louis. It consists of two
noncontiguous areas: the chemical plant area and 2 limestone quarry about 6.4 km (4 mi) south-
southwest of the chermical plant area. The Southeast Drainage is a naturai 2.4-km (1.5-mi) channel
that carries surface runoff 10 the Missouri River from the southemn portion of the chemnical plant area
and a small portion of the ordnance works area (part of the Weldon Spring Training Area; sec
Figure 1) south of the groundwater divide. The drainage became contaminated as a tesult of past
activities of the U.8. Army and the DOE (and its predecessors).

For planning purposes, the drainage was delineated into four segments to facilitate the
decision-making process. Factors considered in delineating the drainage included accessibility by
standard excavation and hauling equipment, main channel slope, side slope, channel width,
vegetation characteristics, safety, and public access. Sediment data wers coliected from each
segment, and the resuits indicate widespread, heterogeneous contamination. Surface waler in the
drainage is also radioactively and chemically contaminated; the principal contaminant is uranium.
Groundwater contamination beneath the drainage is being addressed as pant of the remedial
investigation/feasibility study {RI/FS} process for the groundwater operable unit of the chemical
plant area (DOE 1995b). '

Risk calculations performed indicate that on the basis of current and hypothetical future
jand use, contamination in the drainage does not pose an uacceptable risk to human health and does
not indicate a need for further action. However, radioactive contamination in sediment is distributed
heterogensously, and excavation of selected Jocalized areas would provide further protection to a
receptor in the drainage. Therefore, the intent of the proposed removal action is to reduce the
potential for risk to human health and the environment from contaminated sediment present in the
drainage. The excavated material would be transported to and stored in an on-site storage area {e.g.,
the Ash Pond storage area or the material staging area of the chemical piant}, pending fina
disposition of these materials into the disposal cell.
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FIGURE 1 Location of the Southeast Drainage

The proposed removal action is expected 1o be implemented after appropriate regulatory
agencies, local govemnmental efficials, and the public have had sufficient opportunity to review and
comment on the proposal. The DOE has had preliminary discussions regarding the proposed action
with the U.S. Environmental Protection Agency {(EPA) Region VI, the Missouri Department of
Natural Resources, the Missouri Department of Conservation, the Missouri Department of Health,
and the U.S. Army Corps of Engineers. Negotiations and agreements to date are reflected in the
discussions presented in this report.

The remaining discussions presented in this report are organized as follows:

* Chapter 2 — A brief site description: and background, data summaries, and
risk calculations;

* Chapter 3 — Repulatory requirements;
* Chapter 4 — List of potentially applicable technologies and alternatives:
= Chapter 5 — Comparison of the potential alternatives; and

* Chapter 6 — Description of the proposed removal action.




2 SITE CHARACTERIZATION

2.1 BACKGROUND

The Southeast Drainage is a natural, first-order intermitient stream located in a relatively
steep-sided valley cut into the limestone biuffs along the Missouri River; the drainage extends from
the southeastern comner of the cherical plant area to the iver (Figure 1). Historically, the drainage
was used by the Army and the U.5. Atomic Encrgy Commission (AEC, predecessor of DOE) for
discharging wastewaters to the Missouri River. The Army operated the Weldon Spring Ordnance
Works, an explosives production facility that manufactured trinitroéoluene (TNT) and dinitrotoluene
(DNT) in the 1940s for use during World War 1L Effluents from the wastewater treatment plants
were discharged via the Southeast Drainage. The Weldon Spring chemical plant was operated for -
the AEC by the Uranium Division of Mallinckrodt Chemical Works from 1937 to 1966 to process
uranium ofe concentrates. Waste siarries were piped to the raffinate pits, where the solids settled to
the bottom:; the supernatant liquids were decanted to the plant process sewer, which discharged to
the Southeast Drainage. More recently, the drainage was also used to discharge =ffluents from the
sanitary treatment plant at the DOE project office building. As a result of past operations, surface
water and sediment in the drainage are radioactively and chemically contaminated, Therefore, the
Southeast Drainage has been designated as a chemical plant area vicinity property, for which DOE
has responsibility for remediation.

The Southeast Drainage is within the extreme southeastern portion of the Dissected Till
Plains, a subdivision of the Centra} Lowlands Plateau Physiographic Province. The drainage is part
of the Missouri River watershed and drains the southern portion of the chemical plant area and a
small portion of the ordnance works area south of a groundwater divide that separates the Mississippi
and Missouri River watarsheds (Figure 1). The total area of the Southeast Drainage basin is about
106 ha (262 acres). Sediment in the drainage consists primarily of silty clays and clayey silts. The
upper portion of the channel is situated in & steep, natrow-welled valley where the near surface is
rocky with very little sediment. The lower portion flattens and broadens, and sediment deposits
increase as the Missouri River is approached. In previous investigations, four springs and cne
sinkhole were identified in the drainage (Missouri Department of Natural Resources 1991}. Although
curface water within the channe} loses 1o the subsurface and at times disappears completely,
groundwater discharges to the surface within the same channel downstream and is eventually
rejeased to the Missouri River; no water losses to areas outside the watershed have been detected
(Missouri Department of Natural Resources 1991).

The Southeast Drainage is located within the Missouri Department of Conservation’s
Weldon Spring Conservation Area in St. Charles County, Missouri. This area is actively managed
for wildlife, contains a variety of terrestrial and aquatic habitats, and supports 2 diverse biota. The
vegetation, fish and wildlife, and habitats of this consetvation area are described in detail in the
baseline assessment (BA) that was prepared for the chemical plant area {DOE 1992).



The terrestrial habitat along the drainage is a steble, mature hardwood forest community
of very high quality. Many of the trees range in age from 40 to 80 years, and a large number of trees
are more than 100 years old. Commeon tree species include oak, maple, hickory, and sycamore. The
drainage provides sujtable habitat for a variety of wildlife, including amphibians, reptiles, birds, and
marnmals. Recent biotic surveys within the drainage have indicated the presence of & rather diverse
amphibian community (10 species}) that includes a state rare species and the first county record for
the dark-sided salamander. No switable habitat for waterfow] occurs along the Southeast Drainage.
Because of its intermittent and losing nature, the drainage supports a lirited fish fauna that is
restricted primarily to a few permanent spring-fed pools and to the lowermost portion of the drainage
near jts confluence with the Missouri River.

Although a variety of fish have been observed in pool habitats in the vicinity of springs
SP-5303 and SP-5304; to date only the green sunfish has been collected from these habitats. The
very limited fish fauna of this reach of the drainage is most likely a conseguence of the overall
absence of psrmanent aquatic habitat within all but the lowermost portions of the drainage. Seven
species have been collected in sampling of the lower reaches of the drainage near its confluence with
the Missouri River; they are all common species in Missouri and typical of small drainages
throughout the Midwest, These latter species likely move regularty between the Missouri River and
the Southeast Drainage and probably leave the drainage for permanent habitats in the river as flows
in the drainage become intermittent.

Although a number of federal-listed threatened, endangered, and candidate species have
been identified by the U.S. Fish and Wildlife Service as occurring in the area (T ieger 1988; Nash
1990), none of these species are expected 10 use habitats in the Southeast Drainage. Several state-
listed species also occur in the area, and some may use the drainage. The state rare wood frog, a
forest-floor-dwelling species, has been found in the Southeast Drainage, and the state rare Cooper’s
hawk could use terrestrial habitats along the drainage. The western sand darter is a state watch-listed
species that has been reported from St. Charles County and may be present in the lowermost reaches
of the Southeast Drainage. However, surveys in the drainage have not found this species.

The Weldon Spring area has a modified continental climate characterized by moderately
cold winters and warm summers, The average ternperature in the region is 13°C (55.4°F); the
average daily maximum and minimum temperatures are 31.7°C (89.0°F) and -6.7°C (19.9°F),
respectively. The normal annual precipitation in the area is 86.1 cm (33.9 in.) (Bair 1992},

A review of existing file/literature information regarding archacological and historic
resources of the Southeast Drainage area and an archaeological field survey and evaluation were
conducted for DOE in 1990 (Walters 1990a-b). The field survey entailed a surface examiriation of
the streambed and exposed cutbanks, One prehistoric kthic artifact {projectile point) was recovered
from the streambed: the artifact exhibited evidence of extensive water transport and probably had
been redeposited. No archaeological remains were observed in the exposed stream cutbanks. One
historic period site (farmstead location) is Jocated at the creek mouth near the confluence with the
Missouri River; structures associated with this farmstead were demolished when the U.S. Army




acquired the property. No evidence was found of significant cultural remains in the area directly
affected by the streamn. Neither the isolated prehistoric artifact nor the historic farmstead location
appears likely to meet eligibility critenia for listing in the National Register of Historic Places.

2.2 ANALYTICAL DATA

Analytical data for sediment and surface water were compiled and analyzed to perform a
risk assessinent that can be used to support a decision regarding remediation of the Southeast
Drainage. A separate discussion that inclndes information and justification for data used is provided
for each medinm.

2.2.1 Sediment

The Southeast Drainage was originally surveyed for radioactive sediment contatnination
in 1984 by Oak Ridge Associated Universities (GRAU) (Deming 1986; Boerner 1986). The purpose
of the survey was t¢ Jdentify radioactively contaminated areas outside of the chemical plant area
boundary to be designated as vicinity properties. The results of the survey indicated thai sediment
in the drainage was radicactively contaminated in a heterogeneous manner. The ORAU survey
results for sediment samples indicated concentrations ranging from Jevels that are typical of
background soil in the area to 2 maximum concentration of 210 pCifg for radium-226, 240 pCi/g for
radinm-228, 1,000 pCi/g for uranium-238, and 10,000 pCi/g for thorium-230. The average measured
background concentration of uratiurm-238, thorium-230, radium-228, and radium-226 is 1.2 pCi/g
for each radionuclide (DOE 1992). Sediment sampling was conducted (MK-Ferguson Company and
Jacobs Engineering Group 1996) to obtain more recent radiological and chemical data covering the
length of the drainage, including locations identified as contaminated by ORAU in 1984, Because
survey markers used to conduct the ORAU survey are no longer present in the drainage and
conditions in the drainage may have changed in the 10 years that have eiapsed since the ORAU
survey was performed, the exact ORAU samptling locations could not be identified. The resulis of
the ORAU survey were used 1o guide the recent sampling effort in terms of sampling locations and
radiological parameters analyzed.

Planning for the recent sediment sampling (MK-Ferguson Company and Jacobs
Engineeting Group 1996) included dividing the drainage into four segments (A, B, C, and D);
segmentation was dene to facilitate identification of exposure units based on accessibility and
likelthood of exposure and to determine technical feasibility with respect to mobilization of
conventional excavation and hauling equipment {MK-Ferguson Company and Jacobs Engineering
Group 1993). Radiological characterization data collected within 2ach segment of the drainage
included a gamma walkover survey and systematic and biased soil samples collected from surface
and subsurface increments. The procedures used to conduct the walkover survey and the soil
sampling are described in the sampling repont (MK-Ferguson Company and Jacobs Engineering
Group 1996). Seil sampling locations and segmentation of the drainage are depicted in Figure 2.
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FIGURE 2 Sediment Sampling Locations and Segmentation of the Southeast Drainage




Each goil sample was analyzed for uranium-238, radium-226, radium-228, and
thorum-230. Concentrations of other radionuclides in the uranium-238 and thorium-232 decay series
can be determined from these principal radicnuclides by assuming secular equilibrium, in which the
activities of the associated decay products are equal to those of the principal radienuclides (see
Section 2.3.2.1 of the BA for the chemical plant area [DOE 1992]). The radiological data collected
for each segment are summarized in Tabie 1. In general, the results of the recent sampling are
consistent with the results of the ORAU survey. Radiological risk calculations for this EE/CA
focused on data collected from the recent sampling effort because these data are believed to represent
current conditions in the Southeast Drainage. In addition, a data-sufficiency exercise was performed
16 ensure that the radiclogical data were sufficient to support a risk-based decision for the drainage
(Black and Carlson 1996).

_ Various studies copducted before the recent sampling effort included limited charac-
lerization of the chemical content of drainage sediment (MK-Ferguson Company and Jacobs
Engineering Group 1989; Bethel et al. 1993; IT Corporation 1992; Environmental Science &
Engineering 1993). These studies focused mainly on characterizing metals and nitroaromatic
compounds but also included some analysis for polychlorinated biphenyls (PCBs) and other organic
compounds. Samples were obtained from: all four segments in the drainage. These sampling sfforts
did not reveal any contaminaticn with nitroaromatic compounds or PCBs. Several metals —
including cadmiurn, copper, manganese, mecury, and zinc — may have been somewhat elevated
with respect to background soil levels presented in the BA for the chemical plant area {DOE 1992}
Howaver, it is not ¢lear that the levels were statistically significantly different from background.

Sediment samples collected from the recent sampling effort were also analyzed for metals,
nitroaromatic compounds, and PCBs. Eight composite samples representing 21 locations covering
the length of the drainage were collected. The results of these composite samples were similar to
those from previous characterization efforts, with the exception that low levels of nitroaromatic
compounds were detecied ina composite sample from Segment B, and low levels of PCBs were
detected in two composites Tepresenting sampling locations within Segments A, C, and D. To further
delineate PCE concentrations within these segments, discrete samples were collected from the
jocations where the composite samples were taken. A total of seven samples were collected; four
from Segment A, two from Segment C, and one from Segment D. The results for sampies from
Segment A ranged from 0.035 to 3.0 mg/kg; the two samples from Segment C were reported at 0.061
to 150 mg/kg; and the sampie from Segment D was reported at 0.048 mg/kg. Another round of
sampling was performed 1o delincate PCB concentrations at the location where the value of
150 mg/kg was detected; this Jocation also exhibited high concentrations of radioactive contarninants
{i.e., sample ID 025). Fourteen samples were collected representing depths to approximately 2 fi
below surface. The PCB results from this round of sampling ranged from 0.024 1o 5.0 mg/kg
(MK-Ferguson Company and Jacobs Engineering Group 1996). The chemical data for each segment
of the Southeast Drainage are summarized in Table 1. The table includes data from previous
chemical analyses and from the recent chemical composite sampiing event. Radiological data
presented are results from the recent sampling events. Human health risk calculations presented in




0l 8652 ZIfl ] 091-5% T 05 #E'LE 5 oLy i E-DTL By MMz
of ti-pd ) 15 Ity /L 5 1517 e il Cibr (1 LA
€50 - WD ¥LO . (%1 0 - A (3 31] - pHl wpoy |
09 91r) W T (| 1] a4 050K Lo T4 BNPE e LANpog
| 1'$-08°0 Ew Foy %1 FE960 TI xR 13 ]| 1 g 2 Janprg
Fl | FIpo & o E0EE 01 150 £L0-1p SH PLT BU0- 190 7 WU
I 008z e g DOLTEL [ e 0L P o1 002" 1% oy WIISEE g
i W1 W 17 oz it Ic | W L SE-IT by ELEITY
95 L i i it 14 b tewe (¥ ik Y5 o WNLDKIOR
az 0L-500 §Li6 - G50 v e G ol el 107500 (474 LE TF620 HE Anaap
00I'E 0059085 . 3 o'z 0T 0Ly iy 03T QD9 TG bl 066'T 00L'T-05% o sy
(/T O0'9-09% 59 DOF'T 005" Z-008") o 00LT 006'2-001°1 " i 008'¥-009"1 by wnizaudupy
L] F] 7 11 n 17t i Iegr EA 1 s e wnIyiEy
1 SEy LIl ¥ ]| ZIiz) i (%3 4 5% all oTe-iy W pe]
00072 DOO0TIZ-O09'E &0 O00'ST D00 IT-000'51 i OO0'LE  ODATLZ000"1 | iy DOOVE  DODIL-D0FE iy o)
0T WL &% ot nLr-3'd 5 il ul-ag by ]| DIETI iy xddo]y
£l 6140 . ] Uz o It 6706 iy i€ LE I *r L]
K E5£9 141 £ 559 Tl iz FilnS o ol K1 0 wnpuR
00008 COOOO0S'E 949 CON'ZF  OO0'EX-0DIE £ oLl 00 07008 'T iy Ob)'ST  DO0EE-DOF'S b um| e
(1] §1-¥ih WE £l VZoro 0l 6Ll SEOELD {754 [ FENI " [T )
w1 1090 %) El R £ ol o050 [ a1 09950 HY ey g
e 9T0Kl (1] (11F4 DTG oLl LT ocz-oni 4, 0oL DOL0E1 "y umueg
]| EE-L'E ¥t 1] Fi oLl ¥l vl &5 " 91 14 MUY
1€ . %o £ . £ a1 - ¥ (¥4 v o Anoiyuy
RN CO0IT0OTE w9 BOO'S 1 OG0'ET-001°6 LYY OO0yl DODEI-0GIE [ ] ]| 0'91-0087§ *ir WInURLN LY
. _._u#__ﬂE:EEE
FL 0RZ-5'0 BTIETL o Lz | oy i) HE Y vLivi ozl iyl ot FET MU
0f% O06'L5] BCL/ETI 06T TR | V1Y L6 006 ¥ 10 YL o GEr-id AT QLT MNP0y |,
&8 H-F10 ITLATL gL " WR0 1Sy $'E B1-L0 VI i GEE-¥0 FEIPE gz wnppey
FE 091680 OTLATL 9§ N9E-56D ishs ¥ W0 PIT £L oLL-1l YEAL YZZ-Wnipe Y
: (270} saprpiuntpry
7N Ay v SN e Ty BT)) ey wlCl J1on Sy et SRy
[NETET B 2 sutay o iy ¥ mauidag

adeuje(] 1Seaginog agy uf €1e(] JUALPIS Jo LiEWENg | VL




(65 Sutaoupiiug 3 SOUHDS MIEUNAIANT ‘(7561 ) beneidios 1) "E661}
2 30 L 19664 6861} dnus Jopwaudiug sgeder pue urduny posniia gy 14 WA TIEp fEanud (966 1) dno1D) Juuaduidig sqoaer pu Aumdiwo;) w0y I wo) 1ep Fdojopey CSRIN0Y

PARRE 10U Tem IHAunR 3y SHeHE ropl Ay v tpatsos Jou = LN ioqqeandde 1ou = ¥

"FHOIE[AED JUHUESFETE L 10] I0) ) 9 pIse T A PARIRR YL Y Jo s apdunnt B 10 ' [aaa) pendiBydey pIeY
DU Bl BEMJL TSTRIIS0 GJFT TEM Louibeay uoda 2P M1 UM PAEIRYTD JW ARM SR ) TEPnatiiog SHISIHLUECSAL K I WO ML JEY N O PINLETE TEM KM U A0 ) "FICRAL
0y R XHL P paachan Sapdumes Hi] "FUOLE TR00 wpod amsndra Sit pIIN AR sajdures HEMPIS XMURE 1y (aduroad DTFAALMIILIN ) O /AL, 3EDP4]LOA ke g5 56 POPRT-AU0) SNMEA 10N

{BOELITTIGEE UG OIS "} WA [ K0 TRGIALINSVN] PAXHAR 10 atues = afuey
{uaym oS 30 IAUIBLPOLIIRE Al 10 Jaquunts) Amanbal wanlasp = 40

¥N 10 ¥N . W T IN LN 1N IN 1N auonjoaEN -4
VN 1 ¥H - I 1N IN AN LN N N SuFpCIOUIN-©
¥N LG ¥M - 10 1M LN 1N LN aN LN U HOIIN-E
¥N in ¥N . 9% §F'O HO'0 K ¥H - ) suxtuagoan]-£' [
-¥H Lo ¥N - o0 L - »O ¥N . ¥ TR LS |
wH - Lo ¥N oo W VN - PO ¥N . O SUTTUOI
Vi - L0 ¥N - 570 ¥H . Wi ¥N . ¥4 HaNORIHI-F T
¥N LiD ¥N - WO e LI ¥ ¥H . ¥ ausnoint ¥ L
L4 0Z/0 F pELOD vd) I ¥H . g1 ¥N . ) HAMNHULL -G T
(2B} SO
VM 0e i VN 0t £ VN s pid ¥N 0 #i OT1 30
W 61 Ll Wi 61 (]! wh - Fill VI wo ri K2 oy
i - v ¥ A £ N - KO VN . P oA R
¥N - £ ¥HN oo W ¥N . bl VN . 40 THTL 0Ly
¥ - %1 ¥H .- £t ¥H - ¥ i . L) ZEL | i puy
¥h . ] ¥N oo £ vl - T4] wN - G (1221 Jopory
¥N - 1] WM - (W] ¥N . i} PPN - PAY OI{H ey
(El) sl
4130 e ekl -0 e w0l 210N e W 130 22 el ey

U Wamday o ey 1 Wandag v luaauiay

‘uel) 13 14VL




10

Section 2.3.2 are based on data presented in this table. Data from discrete samples discussed above
were used for sk calculations for FCBs.

Sediment samples were also collected for chemical analysis and toxicity testing to support
the ecological risk assessment for the drainage (DOE 1995a). Samples were coliected from two
locations within the drainage, springs SP-5303 and SP-5304, and were analyzed for chromivm,
copper, lead, manganese, silver, zinc, and several nitroaromatic compounds. These were the
constituents identified in the BA for the chemical plant area (DOE 1992) as being contaminants of
ecological concemn. Sediment samples were also collected from springs SP-5402 and SP-5406 within
the 5400 drainage located immediately west of the Southeast Drainage. The 5400 drainage is the
background drainage for all ecological investigations associated with the Southeast Drainage (DOE
19953), Sediment samples from this background spring were analyzed for the same metals and
nitroaromalics evaluated for springs SP-3303 and SP-5304.

At the background 5400 drainage, no nitroaromatic compounds were present at
concentrations above detection limits, and concentrations of metals were within the lower ends of
the ranges reported from the Southeast Drainage, except for copper and silver. Silver was not
detected in the background sediment samples, whereas copper was present at lower concentrations
(1.2 to 11.0 mg/kg) than detected in the Southeast Drainage.

2.2.2 Surface Water

Contamination of surface water in the draihage may be attributable to four sources:
(1) runoff from contaminated soil in the southemn portion of the chemical plant area; (2) overflow
from the Imhoff 1anks jocated at the headwaters of the drainage, which were used to store and decant
process wastes when the chemical plant was in operation; (3) desorbed contamination from sediment
within the drainage; and (4) contaminated groundwater beneath the drainage. Although it is not
possible to discern the contribution from each source, ongoing remediation at the chemical plant area
has resulted in the recent cleanup of the majority of contaminated site soil and the removal of the
Imhoff tanks and surrounding soil, which was completed in July 1994. Surface water quality is
expected to continually improve because of the removal of these various sources.

Contamination of surface water was monitored at the four springs along the drainage
(SP-5301, SP-5302, SP-5303, and SP-5304; Figure 2) from 1987 1o 1995 as part of the Weldon
Spring stte environmental monitoring program. Water samples from the springs were analyzed for
radionuclides, metals, inorganic anions, and nitroaromatic compounds; the sampling frequency
varied for each parameter. '

Surface water samples were also collected for chemical analysis and toxicity testing to
support the ecological risk assesstment for the drainage (DOE 1995a). Samples were collected from
springs SP-5303 and SP-5304 and analyzed for chromium, copper, lead, manganese, silver, Zinc,
total uranium, and several nitroarcmatics. Surface water samples were also collected from springs
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SP-5402 and SP-5406 within the 5400 drainage. These samples were analyzed for the same metals
and nitroaromatics evaluated for springs SP-5303 and SP-5304. '

Results for the Southeast Drainage indicate that radioactive contamination in surface water
is limited to uranium. Analysis of radium and thorium isotopes was discontinued in 1989 because
measured concentrations were at levels that are representative of naturally occurving levels.

At the background 5400 drainage, which was sampled oa only one occasion, no nitro-
aromatic compounds were present at concentrations above detection limits. Concentrations of metals
were simnilar to the concentrations reported from the Southeast Drainage, except for lead, manganese,
and silver. At the 5400 drainage, lead and silver were not detected, and manganese was present at
much higher concentrations (maximum concentrations of 196 and 285 pg/L} than in the Southeast
Drainage (maximum concentration of 87 pg/L}. Nitrate and total uranium levels in the 5400 drainage
were much lower than the levels detected in the Southeast Drainage.

Higher levels of uranium (ranging up to 590 pCi/L) have typically been measured in the
uppermost reaches of the drainage, but levels decrease as the Missouri River is approached.
Nitroaromatic compounds have been detected frequently at low concentrations in samples from
springs SP-5303 and SP-5304; the highest concentrations are for 2,4,6-trinitrotoluene at
spring SP-53303. The maximum 2.4,6-trinitrotoluene concentration of 280 pg/L was measured in
earlier sampling {1987); current levels are one order of magnitude lower. With one excepticn,
nitroaromatic compounds have not been detected in springs SP-5301 and SP-5302
¢2 4-dinitrotoluene was detected at 0.89 ug/L in a sample from spring SP-5302 in one 1989 sampling
round).

Surface water data are summarized in Table 2. These radiological and chemical data were
used to calculate associated human health risks, which are presented in Section 2.3.3.

2.3 RISK CALCULATIONS

Human health risk calculations were performed using the radiological and chemical
sediment and surface water analytical data presented in Tables 1 and 2. The exposure scenarios,
intake parameters, and risk calculations for sediment and surface water are presented 1n
Sections 2.3.1 through 2.3.3. |

A screening-level ecological risk assessment was also conducted using the analytical data
presented in: Tables 1 and 2. This assessment (discussed in Section 2.3.4) included biotic surveys and
toxicity testing of surface water, and evaluated risks to aquatic and terrestrial biota. It was conducted
to provide a preliminary evaluation of potential risks 1o ecological resources within the drainage and
to provide support for the remedial decision-making process.
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2.3.1 Exposure Assessment and Risk Characterization

Land use for the Weldon Spring Conservation Area, in which the Southeast Drainage is
located, is recreational and is expected to remain recreational i the future. Developed hiking trails
do not exist along the dreinage, and discussions with the Missouri Department of Conservation
indicate that there are no plans to further develop this area. The most accessible area of the drainage
is believed to be Segrnent D this segment can be accessed from Katy Trail, which is actively used
for hiking and biking. Current land-use information indicates that hunting is allowed in the area of
the drainage, with restrictions as appropriate for individual species (Missouri Department of
Conservation 1989). Species hunted in the area include rabbit, squimrel, dove, deer, and turkey. Two
exposure scenarios were developed on the basis of this information: & most likely current scenario
and a maximum future scenario. For the most likely current scenario, it was assumed that a hunter
would regularly hunt in the vicinity of the drainage. For the futute scenario, it was assumed that a
horne could be built in the vicinity of the drainage, allowing a child to access the drainage for use
as a play area.

For both the hunter and child scenarios, the potentially significant modes of exposure are
incidental ingestion of sediment, external irradiation, and ingestion of surface water from cne of the
springs. Inhalation of contarminated particulates and radon was not considered to be relevant because
of the dense vegetation and high moisture content of many areas. Dermal exposure to sedirnent was
evaluated qualitatively because of limitations in the methodology for evaluating this pathway (EPA
1992;.

Exposure point concentrations for sediment were calculated for each exposure unit
(i.e., segment) by using the one-tailed 95% upper confidence limit of the arithmetic average (UCL)
or the maximumt, whichever was lower (per EPA guidance; see EPA 1989). The equation to calculate
the UCL is provided in Section 3.1 of the BA for the chemical plant area (DOE 1992). For
radionuclides, alt surface data were combined to calculate the exposure point concentration for each
exposure segment. Collocated samples (i.e., samples taken in close proximity) and duplicate analyses
were averaged before the UCL was calenlated. Subsurface data were not used because statistical
comparison between surface and subsurface data indicated that the levels were comparable. These
data are, however, included in the location-specific analysis presented in Appendix A. The purpose
of these calculations was 10 focus on identifying selected areas for remediation, For chemicals, UCL
values for each segment for metals and nitroaromatic compounds are shown in Table 1. As discussed
in Section 2.2.1, PCB results from discrete samples were used for risk calculations. The UCL vaiues
for Segments A, C, and D were 1.0, 26, and 0,048 mg/kg, respectively. No UCL value was derived
for Segment B because the samples collected have been reported as nondetects. Surface water
calculations were performed by using the UCL concentrations or maximums calculated for each
spring, as presented in Table 2. The intake parameters for each scenario are listed in Table 3.

Contaminant intakes for chemicals were calculated by using the equations provided in
Section 3.4 of the BA for the chemical plant area (DOE 1992). Toxicity values for chemicals
(i.e., reference doses and slope factors) were obtained from the Inregrated Risk Information System
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TABLE 3 Exposure Scenario Assumptions and Iniake Parameters

Scenario

Current  Future

Parameter Units Huntgr  Child
. Exposure time h/event 4 4

Exposure freguency events/yr 20 00
Exposure duration yr 10 10
Body weight kg 1 40

- . Seditnent ingestion rate ' " mglevent 100 100
Surface water ingcétinn Tate mLjevent 200 200
Radius of contaminated arsa m 2 2
Depth of contaminated area m 1 i
Fraction of ingested sediment from elevated areas nnitless 1
Fraction of time spent in ¢levated areas unitless 0.25 0.25

(EPA 1995) and the Health Effects Assessment Summary Tables (EPA 1994). These values were
used ro calculate carcinogenic risks (i.e., increased probability of developing cancer over a lifatime)
and hazard guotients (i.e., measures of the potential for adverse health effecis other than cancer: a
hazard quotient of greater than 1 for an individual chemical indicates a potential for adverse health
effects from the exposure). Hazard guotients for individual chemicals were aggregated into hazard
indexes, which are used as preliminary indicators of potential for adverse health effects (a hazard
index of greater than ! indicates a need for further evahuation of the exposure). Detailed explanations
of methods used to evaluate chemical toxicity are provided in Chapters 4 and 3 of the BA for the
chemical plant area {DOE 1992).

The doses asscciated with exposure to radioactive contaminants were calculated with the
equations provided in the BA for the chemical plant area (DOE 1992) and are provided in
Appendix A of this EE/CA. Doses from the external gamma irradiation pathway were calculated on
the basis of information from the radiological survey, which indicated an average area of
contamination of about 10 m? (100 ft). Contamination in the drainage is localized, comprising only
about 25% or less of the drainage area. Therefore, for calculating the external gamma doses, it was
assumed that only 25% of the exposure time was spent in areas with elevated radionuclide
concentrations because a receptor would be likely to move around the drainage. However, the entire
amount of ingested sediment was assumed to be from arcas with elevated contaminant levels.
Radiological doses were convenied Lo carcinogenic risks by using a risk factor of 6 x 10" /mrem. The
justification for this risk factor is provided in Section 4.1 of the BA for the chemical plant area (DOE
1992},
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2.3.2 Human Health Risks from Exposure to Sediment

The radiological risks from the combined pathways of ingestion of sediment and external
gamma irradiation are presented in Table 4 for each exposure segment and scenario, Estimated risks
for both the curent and future use scenarios are within the range considered acceptable for
Superfund sites, which is 1 x 10 to 1 x 10°* (EPA 1990). The total risk for the hunter scenario
ranges from i x 10 in Segments A and D to 2 X 107 in Segments B and C. The total risk for the
future child scenario ranges from 5 % 10°° in Segments A and D to 1 x 10 in Segment B. The major
contributor to risk is radium-226. '

The chemical carcinogenic risks and bhazard indexes from ingestion of sediment are
~ presented in Table 5. Because of the limited amount of data for background concentrations of metals
and anions, all parameters listed in Tables 1 and 2 were included in the risk calculations {i.., none
were excluded through comparison with background), Risks for the current hunter soenario range
from 2 x 1077 to 2 x 10°%, and risks for the future child scenario range from 2 x 1010 2 x 10°7°.

Hazard indexes range from 0.01 to 0.06 for the hunter scenario and from 0.1 to 0.5 for the
child scenario. The chemical risks and hazard indexes in all segments do not indicate a concern with
respect to human health. The low levels of nitroaromatic compounds detected in single samples
from Segments B and C correspond to very low cancer risks (i.2., 1 % 10710 for 2,4-dinitrotoluene
in Segment B and 1 x 107! for 2,4,6-trinitrotoluene in Segment C).

The hazard indexes are all less than 1. In al} cases, uranium was the single highest contribu-
tor 1o the hazard index Jevel (e.g., uranium contributed 87% of the highest hazard index, which was
for Segment C). This finding is consistent with the characterization results of elevaied concentrations
of vranium i selected Jocations of the drainage.

TABLE 4 Estimated Radiological Risks from Exposure to Sediment”

Cusrent Hunter Hypothetical Foture Child
Drainage External External
Segment  Ingestion Gamma - Total . Ingestion ~ Gamma Total

5% 10 6x10% 1x10% 2xt0’  3x10® 5x107
1x10°% gx 10%  2x10° 7x10% ax10®  1xiw0?
1x t0% gx 105 2x10¢ sx105 ax1®  9x10%
8 x 1078 4x10% 1x107° 1x10?  2x10° 5x 107

O w >

a . . . . .
Estimated risks are summed over all radionuclides.
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' -~
TABLE 5 Estimated Chemical Carcinogenic Risks and Hazard
Indexes from Exposure to Sediment"

Carcinogenic Risk Hazard Index
Drainage Current Future Current Future
Segment Hunter Child Hunter Child
A 8 107 7x10% 0.03 0.2
B 3% 107 3x 1078 .01 0.1
C 2 % 107 2% 107 0.06 0.5
D .o2x107 2% 10°% 0401 0.1

# Chemical carcinogenic risks included all detecied carcinogens listed
in Table 1 (i.c., 2,4,5-triniwoiciuene, 2,4-dinitrotaluene,
2,5-dinitrotoluens, PCBs, arsenic, and beryliium}. Hazard indexes
inchude all parameters Jisted in Table 1, except those without
available reference dose values (i.e., 2,6-dinirotoluene,
1,3-dinitrobenzene, 2luminum, calcium, coball, iron, lead, lithium,
magnesium, potassivm, and sodium). Organic compounds were
included only when detected.

Of the chemicais of potential concern in sediment, only PCBs have been found to be
absorbed through the skin to any significant extent in laboratory experiments (EPA 1992);
2,4.6-trinitrotoluene absorption has been observed but not quantified. Up to 20% PCB sbsorption
has been observed from mineral oil, but absorption from soil would be much lower, Even assuming
20% absorption from soil, the maximum carcinogenic risk that could be associated with dermal PCB
exposure would be much less than the risk from the oral pathway. Any additional risks from dermal
absorption of trinitrotoluene would likely be small because of the very low concentrations of this
substance in isolated drainage locations.

2.3,3 Human Health Risks from Exposure to Surface Water

The radiclogical and chemical risks and hazard indexes calculated for each spring are
summarized in Table 6. The risk from surface water does not exceed the acceptable risk level.
Furthermore, these risk levels are estimated to represent the worst case because contamination levels
in surface water are anticipated to decrease over tirne with the removal of sources at the chemical
plant area and any futnre removal of sediment in the drainage.
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TABLE 6 Estimated Radiologicel and Chemical Carcinogenic Risks
and Hazard Indexes from Ingestion of Surface Water®

Radiological Risk Carcinogenic Risk® Hazard Index

Current Future Current Future Current Future

Spring Hunter Child Hunter Child Hunter Child -
SP-5301 2x10f  1x10% 4x107  3x10% 0.02 0.6
SP.-5302  2x10f  ¢x10f 5x 107 4x10% 0.06 0.5
SP.5301  1x 108 Sy 10 7% 107  5x10% 0.1 0.8

SP-5304 1x10% 4x]0¢ 4% 107  4x10® 0.06 0.5

Dermal exposure t0 surface water is assumed to be limited because of the small
size of springs and ponds in the drainage.

a

Chemical carcinogenic risks included ali detected carcinogens listed in Table 2
(i.e., 2.4.6-trinitrotoluens, 2,4-dinitratoluene, 2,6-dinitrotoluene, arsenic, and
beryllium). Hazard indexes include all parameters Jisted in Table 2, except those
without availsble reference dose values (i.e., 2,6-dinitrotoluene,
1.3-dinitrobenzene, 2-amino-4,6-dinitrotoluene, 4-amino-2,6-dinitrotoluene,
chioride, cobalt, aluminum, calcinm, iron, lead, tithitm, magnesium, potassium,
sodium, and sulfate). Qrganic compounds were included only when detected,

2.3.4 Ecological Risk Considerstions

The BA for the chernical plant area jdentified the potential for adverse risks 1o biota from
exposure to contaminated media in the Southeast Drainage (DOE 1992). Ecological resources
petentially at greatest risk are aquatic biota directly inhabiting surface waters in the drainage and
terrestrial biota drinking the surface water. The principal exposure routes to biota are direct (dermal)
contact with, and ingestion of, contaminated surface water and sediment. Evaluation of contaminant
concentrations in surface water indicated several incrpanic contaminants present at levels that may
represent an adverse ecological risk to aquatic biota: antimony, cadmium, chromium, lead, mercury,
sitver, and uranium (Table 7). This determination of potential for ecological risk is based on the
ecclogical effects quotient (EEQ) exceeding a value of 1.0. The EEQ, which is similar to the hazard
quotient used to estimate hunan health risks, is calowlated as the ratio of the environmental
concentration measured in the field fo a benchmark environmental concentration identified as posing
no tisk to ecological receptors. Benchmark values used to estimate EEQs included ambient water
quality criteria {AWQC) for the protection of freshwater aquatic biota (EPA 1986), State of Missouri
water quality <riteria (Missouri Department of Natural Resources 1992), National Oceanic and
Atmospheric Administration (NOAA) screening guidelines (NOAA/Hazmat undated), and

no-observed-effect-levels identified in the scientific Hiterature (Parkhurst et al. 1984; Poston et al.
1984).
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No nitroaromatic compounds were detected in surface waters in the Southeast Drainage at
levels that could pose risks to aquatic biota. Simifarly, EEQ values were below 1.0 for most of the
metals evaluated in surface waters (Table 7). Potential risks (EEQ > 1.0} were indicated for antitnony,
chromivm, lead, mercury, sitver, and uranium, Risk levels were low for all of these metals except
silver, for which a moderate risk was identified. The greatest nurnber of contaminants with risk
levels exceeding 1.0 and the single highest risk estimate (EEQ = 50 for silver) were calcutated for
spring SP-5301, the uppermost spring sampled in the drainage. Risks were also estimated for several
chemicals in surface water from the 5400 background drainage. In contrast to the risks identified for
the Southeast Drainage, no EEQ values exceeded 1.0 for any of the metals evaiuated in the
background drainage (Table 7).

The potential for adverse impacts to aquatic biota was further examined by evaluating the
toxicity of surface waters from the Southeast Drainage to a variety of aquatic biota. The toxicity of
surface water from springs SP-5303 and SP-5304 was evaluated by using acute and chronic tests and
invertebrate and vertebrate test organisms; the results of these tests are summarized in Table 8. No
acute toxicity was evident for surface water from either spring location. Chronic toxicity, as
indicaied by reduced survival of fish (Pimephales), was measured only for surface water collected
from spring SP-5303. No reduction in survival was evident for the other biota tested with water from
this spring.

TABLE 8 Results of Acute and Chronic Toxicity Testing of Surface Water
from the Southeast Drainage and Background 5400 Drainage

Test Resnlts*

5400
Toxicity Test 5P-5303 _ SP-5304 _ Drainage”

Daphnia 96-hour acule, suryvival : - -

H:}‘afeﬂa 96-hour acule, survival - - -
Pimephales, 96-hour acule, survival - - -
Xenopus, $6-hour acute, survival - - -

Daphnia 71-day chronic, survival ' - - -
Hyalella 7-day chronic, survival - - -
Pimephales, 7-day chronic, survival and growth + - -

Xenopus, 7-day chronic, survival and growth

1
*
i

® A minus (-) indicates no significant media toxicity (p > 0.05); a plus (+) indicates
significant media toxicity (p = 0.05).

B Only SP-5406 was measured.
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In addition to the contaminants in surface water, a umber of contaminants have been
detacted in sediment in the Southeast Drainage (T able 1). Evaluation of the sediment data and
estimation of EEQs indicated that nine metals are present in the sediment at concentrations that
maypose a risk to ecological resources (Table 9). Ecological effects quotients for sediment were
estimated by vsing the NOAA sediment guidelines developed by Long and Morgan (1990}

Extremne risks to aquatic biota were indicated for exposure to PCBs in sediments from
Segments A and C (Table 9). No risks from PCBs were identified for Segment B, and low risks were
identified for Segment D. Risks from exposure to metals in the sediment ranged from low for most
metals to moderate for silver and high for mercury, No beachmark values were available to estimate
risks from sediment-bound uranium or nitroaromatics. Risks were also estimated for sediment from
the 5400 background drainage for several of the same metals evaluated in the Southeast Drainage.
For these metals, all EEQ vahies were below 1.0, indicating no risks to aguatic biota {Table 9).

Potential risks to aquatic biota from these contaminants are primarily chemotoxic rather
than radiological in nature. The risk assessment conducted for the chemical plant area (DOE 1992)
estimated daily radiological doses to freshwater fish in surface water at or near the Weldon Spring
site, including the Southeast Drainage. These dose estimates were well below the daily dose limit
of 1 rad/d for protection of aquatic biota as specified in DOE Order 5400.5 (“Radiation Protection
of the Public and the Environment™}.

Risks 1o terrestrial wildlife were estimated by modeling contaminant uptake via drinking
water ingestion for three receptor species: the white-tailed deer, white-footed mouse, and great
horned owl, The methods and species exposure factors used for this risk assessment are presented
in Appendix B.

Daily contaminant doses were estimated for terrestrial wildlife using the maximum reported
concentration of each contaminant detected in surface water in the drainage, and these modeled
doses were used to estimate potential risks to the white-tailed deer, white-footed mouse, and the
greal homed owl. No inorganic. contaminants were detected in surface water from the Southeast
Drainage at concentrations that could sesult in daily doses that might pose a risk to terrestrial wildlife
drinking from the drainage.

For each receptor, contaminant uptake via the drinking water pathway was very low for
most contaminants. Predicted daily contaminant doses were typicatly less than 0.01 mgfkg body
weight per day, with daily doses of many contaminants less than 0.001 mg/kg-d (see Appendix B).
Similarly, no risks to terrestrial wildlife were identified for nitroaromatic compounds detected in the
surface waters of the drainage. For the inorganic jons and nitroaromatic compounds for which
benchmark values were available, the EEQ risk estimates were all less than 0.10 and typically less
than 0.001 (Table 10). '
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TABLE 10 Estimated Ecological Effects Quotients from the Water Ingestion Pathway for the
White-Tailed Deer, White-Footed Mouse, and Great Horned Owl Using the Southeast Drainage

White-Tailed Deer White-Footed Mouse Great Horned Owl
Conaminant’ EEQ"  Risk Level EEQ®  Risk Level EEQP - HRisk Level
hetals
Aluminuwim 0.007 No risk 0.016 Norisk < (.00 Mo sk
Amimony 0.035 No risk 0079 No risk NE° Nad
Barium < {1001 Na sk 0.001 Morisk < 0,001 Mo risk
Chromium < (LN No risk <0001 Mo risk 2.001 Norisk
Copper < 0.0 No risk < (1001 No risk < 0.001 Mo risk
Lead - <000 - Norsk < {00 Na risk 0.001 No risk
Manganese - <00 Norisk < 0.001 No risk < 0,001 Mo risk
Molybdenum < 0,001 Neorisk 0.0 No sk « 0,001 o risk
Nickel « 0.001 No risk «< 0,001 No sk < 0.001 Mo risk
Uranium, toLai 0016 Mo nsk 0,038 Mo risk Q.003 Mo risk
Yanaditm 0.003 Norisk 0.008 Mo risk « 0.001 Mo risk
Zinc < 0.001 MNo risk < 0.001 No risk « 0,001 Mo risk
Inorganic anichs
Mirrate B + R 1) No 1isk 0.003 No risk NB NA
Mitroaromatic compounds
1.1, 5-Triniucbenzenc < 0001 Mo risk < 0001 Mo sk NB MA
1,3-Dinitrobenzens <0000 Neo sk < 0001 No risk NB NA
2.4.6-Trinitrotoluene 0003 Mo risk 0013 Mo risk NB NA

% Ecological eficcts quotients (EE(s) were calculated for only those contaminants for which benchmark values were
avarlable.

b EEQ is calculated as the ratio between the predicied applied daily contaminant dose and a “'safr™ benchmark daily dose
level, EEQ values greater than 1.0 indicate potential for adverse effects.

¢ NB = o benchmark value available for calculating the EEQ.
WA = not applicable, '

For this EE/CA, risk reduction for ecological resources is considered to be directly
correlated with the reduction of contaminant concentrations or with the removal of contaminated
media. As discussed in Section 2.2, the contaminant levels in surface water are expectod to decrease,
and there shonld be concomitant reduction in risk to ecological resources.

Currently, it is not known to what extent the contaminated sediment contributes to the
contamination of surface water in the drainage or whether the sediment is toxic to aguatic biota.
However, the results of the ecological risk assessment indicate that current levels in the sediment and
surface water in the drainage pose little or no risk to ecological receptors. The removal of
contaminated sediment would remove another potential source of contamination for surface water.




24

235 Sumfnary

The risk analysis presented in this EEACA indicates that on the basis of the current and
expected fumre land use (hunter scenario), sediment and surface water contamination in the
Southeast Drainage does not pose an unacceptable risk to human health. For the hypothetical future
child scenario, the estimated risks from exposure to sediment and surface water are higher than for
the hunter scenario but stiil within the EPA target risk range of 107 to 10™, The potential risk is
almost exclusively from radioactive contamination in sediment; the higher risks were calculated for
Segments B and C. The heterogeneous distribution of radioactive contamination in the drainage
indicates that selective removal of contaminated areas would effectively reduce the resultant risk to
a potential receptor in the drainage.

: The resuits of the ecological risk asséssment indicate that contaminant levels in surface
water in the Southeast Drainage pose no risks to terrestrial biota drinking from the drainage, but
surface water and sediment in the Southeast Drainage may pose risks to aquatic biota. However, the
risk determinations for aquatic biota must be viewed in context with the results of the surface water
toxicity testing, the presence of a diverse amphibian community within the drainage basin, the
intermitient nature of surface waier flow, and the general absence of permanent aquatic habitats
within the drainage.

Altheugh the EEQ values for several contaminants in the surface water within the drainage
largely suggest low to moderate risks to aguatic biota, there is litile evidence of toxicity of surface
water to invertebrates, fish, or amphibians, Biotic surveys of the drainage indicate a rather diverse
amphibian community withia the drainage. Because of their life-cycle requirements, amphibians
inhabiting the drainage likely use spring and poo) habitats along the drainage for reproduction;
therefore, adults, eggs, and larvae would be directly exposed to contaminants. However, the presence
of a diverse amphibian community suggests that the current levels of contamination reported in
surface water and sediment from the drainage are not adversely affecting amphibian populations in
the drainage. -

Biotic surveys alse indicate very depauperate aquatic invertebrate and fish communities
inhabiting the drainage. Although the existence of these depauperate cornmunities may be due in part
to contarninated media, the communities are probably affected more by the intermitient nature of
surface water flow and limited habitat availability in the drainage. Fish and invertebrates are largely
absent from all but the Jowermost portion of the Southeast Drainage because the drainage becomes
almost completely dry every year. The greatest number of fish collected from the drainage was
obtained near the confluence of the drainage with the Missouri River, where water levels in the river
maintain suitahle aquatic habitat in the drainage. The fish in this portion of the drainage likely move
regularly between the drainage and the river.

The weight of evidence suggests that with the exception of PCBs, the current levels of
contamination detected in the surface water and sediment of the Southeast Drainage likely pose little
risk to biota in the drainage. Although extrerne risks are indicated for PCBs in Segments A nd C,
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there is no evidence that aquatic biota are incurring actual impacts, and aquatic biota are probably
more affected by natural environmental conditions {jow water) than by contaminant levels. Any
adverse impacts resulting from contamination within the drainage would be restricted to biota found
within the boundaries of the Southeast Drainage basin and would not extend beyond the basin.
Because of the limited aquatic communities within the drainage, any risks io the aquatic biota should
not be considered ecologically significant and should have no demonstrable effect on the ecological
resources of the area. Furthermore, any selective removal of contaminated sediment and ongoing
cleanup of contaminant sources at the chemical plant would result in reducing the risks currently
posed by the site.
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3 REMOVAL ACTION OBJECTIVES

The risk assessment discussed in Chapter 2 does not indicate unacceptable exposure to
human health (per the National Qil and Hazardous Substances Pollution Contingency Pian [NCP])
and thus does not indicate a need for firther action in the drainage. However, the characterization
data indicate localized areas of contamination in sediment, and selective removal of contaminated
sediment would provide further protection to a receptor in the drainage. Therefore, DOE is planning
to conduct & removal action to reduce the amount of contamination present in the drainage.

3.1 SCOPE AND PURPOSE

Implementing the proposed removal action is expected 1o reduce potential risk to imman
health and ultimately improve environmental conditions at the drainage. The removal action would
address sediment contamination; risk caleulations for surface water do not indicate a need for
remediation. However, this removal action would also confribute to improving surface water
conditions. Sediment removed from the drainage would be transported to a storage area at the
chemical plant (¢.p. Ash Pond storage area), pending its final disposition into the disposal cell
planned for the chemical plant area. Minimization of potential health hazards to personnel
performing the removal action and mitigative measures to avoid ot minimize impacts to the
environment would be incorporated into the planning and design of the removal action. The areas
within the drainage included in the removal action would be restered to natural conditions to the
exient possible. '

3.2 COMPLIANCE WITH REGULATORY REQUIREMENTS

Cleanup activities at the Weldon Spring site are conducted in accordance with CERCLA,
incorporating the values of NEPA. Values of NEPA relate to the significance of envirotnmental
resources. The assessment of the proposed action presented in this EE/CA includes evaluations of
potential impacts to the environment and addresses endangered species, floodplains and wetlands,
and archaeological and historic resources. Separate evaluations of archaeological and historic
resources (Walters 1990a-b) and of wetlands and floodplains (Van Lonkhuyzen and Yin 1996} have
been conducted for the Southeast Drainage; this EE/CA incorporates the results of those evaluations.
In addition, consultations with the U.S. Fish and Wildlife Service regarding Endanpered Species Act
issues have been completed (Frazer 1996). The EEACA also evaluates the potential for impacts to
other environmental resources, including fish and wildlife, air quality and noise, ard recreation.
Thus, NEPA values have been addressed and incorporated into this report to the fuilest extemnt
practicable. :

Federal regulations require that removil actions shall, to the extent practicable considering
the exigencies of the situation, atiain applicable or relevant and appropriate requiremnents (ARARs)
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under federal or state environmental laws or facility siting laws (40 CFR 300.415(1)). Requirements
are ARARs only when they pertain to the limited scope to be addressed by the removal action and
the specific actions being conducted (Preamble to the NCP; EPA 1990). Once it 1s determinad
whether an ARAR. is pertinent in scope to the removal action, it must be deterrnined whether
compliance is practicable. In determining whether corpliance with ARARS is practicable, DOE may
consider the urgency of the situation (i.e., with regard to the timing of the proposed removal action)
and the scope of the removal action to be conducied. '

_ Under the NCP (EPA 1990}, applicable requirements are those cleanup standards; standards
of control; and other substantive requirements, criteria, o1 limitations promulgated under federal
environmental or state environmental or facility siting laws that specifically address a hazardous
substance, pollutant, contaminant, remedial action, location, of other circurnstance found at a site.
Relevant and appropriate Tequirements are those standards, criteria or limitations, and other
substantive requirements that are not “applicable” but address problems or situations sufficiently
similar to those encountered at the site that their use is well snited to the particular site. Only those
ctate standards that are identified by a state in a timely manner, are uniformly enforeed, and are more
stringent than federal requirements may be applicable or relevant and appropriate.

In addition to ARARs, other requirements that might be useful for developing the remedy
for a site can also be considered as pant of the altematives evaluation. These “10-be-considered
requirements” (TBCs) are not promulgated by law and are nat enforceable: however, they may be
considered if there are no pertinent ARARs. DOE Orders are TBCs. Although they are applicable
1o all DOE activities under the Atomic Energy Act, they are not formally promuigated and, therefore,
cannot be considered ARARSs.

Potential ARARS for the proposed removal action are identified on the basis of the nature
of the contamination, the location of the proposed activity, and the specific scope of the prefemed
alternative (see Chapler 6). A list of potential ARARs and TBCs for the proposed action is provided
in Appendix C.
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-4 IDENTIFICATION OF REMOVAL ACTION ALTERNATIVES

4.1 POTENTIALLY APPLICABLE TECHNOLOGIES

A general overview of relevant technologies that could be applied to protect human health
and the environment at the Southeast Drainage is presented in Sections 4.1.1 through 4.1.4.
Response action technologies that are potentially applicable to the proposed action at the drainage
include access restrictions, encapsnlation, hydraulic removal techniques, and conventional removal
technigues. These technologies were screened on the basis of site-specific conditions and the current
understanding of contamination at the drainage.

| 4'.1.1 Access Resiritﬂf!;ils

Access resirictions involve the nse of physical barriers, institutional controls, or both to
reduce the potential for exposure to contamination present at the drainage. Physical barriers, such
as fences, would be relatively easy to implement and would protect human health and the
environment. However, fences generally would not be effective in contrelling the source or
migration of contaminated materials at the drainage, and institutional controls are generally not
effective for extended periods in preventing contact with contaminated material. Therefore, fences
and institutional controls as access restrictions at the drainage were eliminated from further
consideration.

4,1,2 Concrete Encapsulation

Concrete encapsulation would involve developing access to contaminated areas (o either
spray grout or place a concrete mixture over the top of the contaminated sediment. In-situ
encapsulation could alse be implemented by mixing a portland cement mixture with the
contaminated sediment at each contaminated location. Access roads for concrete trucks and
placement equipment would be needed. Encapsulation would also require excavation to bedrock
around the perimeter of each contaminated location to seal off the concrete to the bedrock (in some
locations, excavation would result in almost complete removal of the contaminated material).
Although encapsulation might isolate the contaminated material in place, long-term effects of wear
and erosion must be considered. Over time, the scouring action of the environment and the natural
stream flow through the drainage would undescut the concrete encapsulation. Periodic inspections
and repairs would be required. In conclusion, encapsulation would be difficult to implement at the
drainage and might not provide a permanent solution; therefore, this technology was eliminated from
further consideration.
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413 Hydrauliﬁ Removal

Removal by using hydraulic methods would include high-pressure water mebilization of
contaminated sediment, with capture and pumping or both, and physical separation of the resulting
sturry. Implementing this technique wouid require a temporary waier transmission system slong the
length of the drainage, construction of one or more capture dams to aliow physical separation or
slurry pumping, and a system to transport used water back for treatment or disposal. The water
transmission systemn would requirs a major source of water and a pipeline to the Southeast Drainage.

The hydraulic removal process would be labor and equipment intensive and would result
itt environmental impacts, such as loss of habitat due to tree and brush removal and petential soil
erosion due to the development of equipment access routes (Section 4.1.4). The large volume of
high-pressure water reguired fo semove the contaminated sediment might also result in further
erosion of the existing drainage and bank instability, particularly because extensive clearing and
grubbing would be required to mobilize equipment to the flushing sites. In addition, flushing
contaminated sediment through the drainage might result in the spread of contamination into
currently uncontaminated areas. Construction of a capture dam or multiple dams would require
considerable earthmoving and would potentially create additional environmenta! impacts to the
drainage.

Removal of the contaminated slurries 1o a water treatment facility would require the
installation of pumping facilities and double-walled piping te the chemical plant area or transport
of the material in 1ank trucks from the Katy Trail area. Because the volume of material 1o be
transported would increase by the volume of water and additional uncontaminated soil flushed in the
process, the transport costs would be higher than the costs of conventional excavation.

On the basis of these considerations, it was deterrined that hydraulic remeval would be
neither environmentally practical nor cost-effective. This technology was therefore eliminated from
further consideration.

4.1.4 Conventional Excavation

Contaminated sediment could also be removed by conventional construction techniques.
This technology has been used extensively and has been effective in removing contamination. In
areas of the drainage where large quantities of sediment were to be removed, it would be necessary
10 remove trees and vegetation, grade the drainage bottom, and develop a haul road surface that
could accommodate off-road trucks. In areas where smaller quantities of sediment were to be
removed, vegetation would have to be removed to accommodate multiple trips for tracked vehicles
to transport the sediment to a staging area for loading into off-road trucks. Removal of larger
quantities of sediment would require more extensive clearing of the access routes and drainage
bottoms. Root balls that would be removed from clean areas for temporary haul road coastruction
and trees that fell on clean soil would be removed from the immediate excavation and haul road
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areas, These materials would be left in the drainage to provide wildlife habitat to the extent possible.
Canventional excavation could accelerate erosion in the drainage and increase turbidity in the storm
runeff, ard the potential for increased erosion and turbidity would exist until trees and other
vegetation could reestablish and stabilize the soil exposed by the excavations. The upper portions
of the drainage would be more sensitive to this type of damage than the lower portions because the
upper area is steeper and narrower.

Because the conventiona! excavation technology is considered relatively cost-effective and
easy to impletnent, it was retained for further analysis.

4.2 IDENTIFICATION OF PRELIMINARY REMOVAL ACTION ALTERNATIVES

The preliminary screening of potentially applicabte technologies resulted in the identifi-
cation of two altemnatives: no action and conventional excavation. To further expiore the feasibility
of conventional excavation and to aid in evaluating alternatives, two subalternatives were identified
according to several factors: available routes and access, engineering methodology, degree of
environmental damage that would be caused by removing trees and vegetation in the drainage to
access the contaminated sediment locations, cost, and potential risk reduction. Within each of the
four delineated segments, areas potentially targeted for remnval by excavation were identified as
those locations exceeding a total radiological risk of 1 x 107 for a hypothetical child scenario (ses
Appendix A).

The removal action alternatives identified for evaluation in Chapter 5 of this EE/CA may
be summarized as follows;

*  Alternative 1: No Action: and
+  Alternative Z: Conventional Excavation

- Subalternative 2.1: Conventional excavation at selected locations within
the drainage using existing cleared right-of-way routes and access.

~ Subaltemative 2.2: Conventional excavation at all targeted locations
throgghout the drainage via new off-road access and a haul route through
the drainage.

Subaltemative 2.1 would involve removal of selected areas in alt segments of the drainage.
A temporary hau] road wouid be constructed from Katy Trail to provide access to the lower portion
of Segment D (Figure 3). Selected locations in Segment C, lower Segment B, and portions of
Segment A would be accessed with tracked vehicles on existing right-of-way corridors.
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FIGURE 3 Haul Route for Subalternative 2.1
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Subalternative 2.2 would involve removing all targeted sediment locations and would
employ an alternate hanl route, Access to Segments B, C, and [ would be obtained by constructing
a temporary off-road access route at the north end of Segment B (Figure 4}, This upper access route
wouid eliminate the need for using Katy Trail but would require a staging and decontamination area
in the Missouri Department of Conservation parking area located south of State Rouie 94, This
subalternative would also requine extensive clearing an{i ires mmoval for a new haul route through
the entire length of the drainage.
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FIGURE 4 Haul Route for Subalternative 2.2
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5§ ANALYSIS OF ALTERNATIVES

5.1 DESCRIPTION OF POTENTIAL ALTERNATIVES

The potentia} alternatives for remediation of the Southeast Drainage were assessed in terms
of effectiveness and 1mp1ementab1}ity The effectiveness of an alternative is defined in terms of
ensuring protection of and minimizing impacts to human health and the environment. The
implementability of an alternative is defined by its technical feasibility, availability, administrative
feasibility, and cost. Both action alternatives were determined to use technologies that are feasible
and available; therefore, the discussion of altemnatives in Section 5.1.2 is limited to effectiveness,
cost, and administrative feasibility. The conventional excavation and transportation activitics that
would occur under each subalternative are described, and the potential impacts of these activities are
identified. However, the process of detailed désign and negotiations with state and local agencies
to obtain necessary permits might require modifications to the conceptual designs presented here
{e.g., haul routes or work sequence). These potential modifications would not change the underlying
relative costs, order-of-magnitude costs, general environmental impacts, or implementability issues
applicable to this removal action.

5.1.1 No-Action Alternative

The No-Action Alternative (Alternative 1) would involve no change in current exposures
to elevated levels of radioactivity in sediment. Potential human health impacts from existing
contaminant levels in the drainage were estimated to be within the acceptable risk range (per the
NCP} for current and hypothetical future land use. No direct environmental impacts would be
expected to occur, although contarinated sediment would remain in the drainage and continue to
pose a potential slight risk to aguatic ecological resources and potentially affect surface water quality
in the drainage. However, there is no evidence that current levels of contamination are adversely
affecting ecological resources i the drainage. Technical feasibility and availability do not apply to
the No-Action Alternative.

5.1.2 Alternative 2: Conventional Excavation

5,1.2.1 Subaliernative 2.1: Conventional Excavation at Selected Locations
within the Drainage Using Existing Cleared Right-of-Way Routes
and Katy Trail Access

Subalternative 2.1 involves excavating selected locations exceeding a risk of 1 x 107 for
the child scenario that are accessible via existing routes and right-of-way comidors to access the
upper drainage, whereas the lower drainage would be accessed from the south end via Katy Trail
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(Figure 3). This subalternative would use tracked loaders to haul material from the lower portion of
Segment D to a staging and decontamination area near Katy Trail. The materials would then be
transported along the Katy Trail to the Hamburg Quarry read, crossing State Route 94 to the DOE
quarry haul road, Areas in the central portion of the drainage would be accessed from the cleared
powerlins right-of-way with tracked vehicles. Excavated mat¢rial would first be transported out of
the drainage via the ceared road at the top of the hiil above the poweriine right-of-way and then to
the Army road via State Route 94. Contamination in the lower portion of Segment A would be
accessed by the Explorer Pipeline right-of-way; excavated materials would be transported to the
chemical plant ares by the Army road. Access to the upper portion of Segment A would be directly
from the Army road with tracked vehicles and off-road trucks. Use of these routes would result in
minimal disruption of the mature, high-quality forest community that exists in the drainage.

. Selective removal of contaminated areas in these segments would, in effect, reduce
significantly the potential for future human health risks. The post-remediation risks to a hypothetical
future child who visited the drainage would be less than 1 x 10°* in the areas that were remediated
and would not exceed 1 x 107 at any unremediated focation. Potential environmental impacts for
this alternative would include (1) fugitive dust emissions and increases in ambient noise levels
during excavation and hauling activities, (2) wansport of sediment downstream through the drainage
during sediment excavation, {3) minimal temporary loss of vegeiation and wildlife habitat due 10
clearing of existing right-of-way corridors and excavation requirements in the flow channel, and
{4) disruption of recreational use of Kary Trail during some phases of implementation. An off-road
vehicle crossing of State Route 94 would be needed to access the DOE quarry haul road in the area
west of the drainage and short-term use of a small segment of State Route %4 east of the drainage.

Air quality and noise impacts could disturb ecological resources and recreational activities
in the vicinity of the excavation activities and along haul routes. However, these impacts would be
minor and temporary. Although some mature trecs may be impacted under this subatiernative,
overall impacts to the high-quality forest community would be minimal. Most of the vegetation
clearing activities would occur in previously diswrbed right-of-way comidors that are largely
vegetated with invasive, non-native herbaceous and shrubby species. Minor, long-term positive
environmental impacts would teselt from a reduction in environmental contaminant levels and thus
a reduction in direct exposure of wildlife to contaminants.

Administrative feasibility for Subalternative 2.1 would require an access permit from the
state agencies 1o the drainage and Katy Trail. An additional permit would also be required to cross
and use limited portions of State Route 94, The cost to implement this alternative is estimated to be
about $450/m° ($595/yd”). The total cost is estirnated to be $1,148,000.
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5.1.2.2 Subalternative 2.2: Conventional Excavation of All Targeted
Laocations within the Drainage via New Off-Road Access
and 2 Hau} Route through the Draipage

Subaltemative 2.2 would involve excavation of a1l locations exceeding a risk of 1 x 107
for the child scenario, These locations would be accessed by construction of a temporary haul route
through the entire length of the dramage. Sediment removed from Segments B, C, and I> would be
transported out of the drainage on 2 temyporary haul rouse constructed through the woods in the upper
portion of Segment B (Figure 4). This upper drainage route would eliminate the need for using Katy
Trail, and the staging and decontamination area would be located near the parking area south of State
Route 94 rather than near the trail. Construction of the haul route connecting Segment B with the
chemical plant area would require removing additional trees and vegetation on the drainage side
- slope, on & new roite south of State Route 94, and on the route notth of State Route 94 connecting
with the existing Army road (see Figure 4). This removal would result in extensive, long-term
disruption of the forest cotnmunity in the drainage. Clearing activities required in Segments A and
B of the drainage would increase the potential for erosion. An off-road vehicle crossing of State
Route 94, east of the drainage, would be needed to implement this subalternative.

Access into Segment A would require construction of & haul route that follows the existing
grade into the upper end of the drainage. The haul route would include the Army road on the south
side of the chemical plant area, Access into the central portion of Segment A would require
additional clearing and tree removal to access and remove the contaminated sediment. Contamina-
tion in the lower portion of Segment A would be accessed using the Explorer Pipeline right-of-way;
excavated material would be transported to the chemical plant area using a newly constructed haul
route from the Explorer Pipeline to the Army Road.

Potential reduction in human health risk associated with Subalternative 2.2 would result in
a post-remediation risk of less thar 1 x 107 for the child scenario at all locations. Major
environmental impacts from implementing this alternative would be incurred as a result of access
road construction, vegetation cleanng, and drainage flowline disruption from excavation activities.
Segment A has an average flowline grade of 2.5%, compared with 1.3 to 1.9% for the lower portions
of the drainage. Because of the steepness of the drainage in Segment A, the potential for soil erosion
is greater along the access route and at the excavation areas within this segment. Construction of the
access route would resuit in extensive, long-term disturbance and loss of high-quality forest
vegetation and wildlife habitat,

Administrative feasibility for Subaltermnative 2.2 is the same as for Subalternative 2.1. The
cost 10 implement this alternative is estimated to be about $1,088/m> {SES]fydB}. at a total cost of
$3.077.000.

5.2 COMPARATIVE ANALYSIS OF REMOVAL ALTERNATIVES

The alternatives discussed in Section 5.1 were compared according to their effectiveness,
implementability, and cost. This comparison is summarized in Table 11.
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6 PROPOSED ACTION

On the basis of the discussion and comparison presented in Chapter 5, Subaltemative 2.1
was identified as the preferred altemative, This alternative could be implemented in a cost-effective
manner and is protective of hurnan health and the environment while minimizing environmental
impacts, Implementing Subaltemative 2.1 {as described in Section 5.1.2.1) would be contingent upon
DOE’s ability to obtain the necessary access agreements. Slight variations in the proposed han!
routes might occur if these agreements were not in place within the time frame necessary for
implementation of the action. Implementation of the proposed action is expected to begin as early
as the winter of 1997, '

_ . Under the proposed action, selected contaminated sediment in accessible areas of the
drainage would be removed with track-rnounted equipment and transported by off-road hau! trucks.
The locations targeted for excavation are shown in Figure 5, Access would be from the south end
~ of Katy Trail, from 2n existing powerline right-of-way in the center and from temporary previously

disturbed off-road routes to the north and south ends of Segment A. Excavated materials would be
stored temaporarily at an on-site storage area {e.g., Ash Pond storage area or materis! staging area),
with final disposal in the planned engineered disposal cell for the Weldon Spring site. On the basis
of stability testing previously performed for related wastes, the waste material from the excavations
would noet be treated before disposal (MK-Ferguson Company 1993).

Implementing the proposed action would require use of four minimal-access routes capable
of supporting off-road haul trucks at slow speed. It is anticipated that all of these routes could be
constructed without additional clearing and minimal upgrade. These routes are described in
Section 3.1,2,1 and illustrated in Figure 3. Because of the relatively temporary duration of this
action, it is anticipated that the only surface improvernent to the routes used by the trucks would be
the addition of a layer of white to light gray aggregate after initial clearing and grading in some areas
and in the staging areas where trucks would be loaded by the track excavators. The primary purpose
of this surface material would be to identify contaminated soil spillage for survey and cleanup, if
necessary. Afier this taterial was no longer required for contamination tracking control, it would
be removed from those portions of the staging areas or routes that would be revegetated and then
transported to the chemical plant area for reuse or disposal.

The characterization data indicate that the estimated excavation depth would typically be
0.610 0.9 m (2 10 3 ft) below the surface. In no case wonld excavation proceed below bedrock, which
exists at depths approximately (.9 to 2.4 m (3 to 8 ft) below the surface. The sediment would be
excavated with track-mounted loaders, the buckets would be covered with tarps at the excavation
sire, and the excavated material would be hauled out of the drainage to the hau! trucks at the staging
areas; multiple trips would be made by the track loaders to avoid road building in the drainage. The
meterial would be hauled 1o the site from the staging areas in off-road trucks. This type of truck
would provide off-road capabilities and minimize transport spillage because it does not have a
tailgate.
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At a'minimum, the following controls would be maintained during hanling operations:

= All parts of the haul route would be sprayed with Wler (from trucks) to
minimize airborne dust. -

« Al loads would be coverad. A crew would be stationad near the beginning of
the haul routes to cover and secure the haul trucks. Similar crews would be
stationed to cover and securs the ack excavators.

« A motor grader would be required for continual maintenance of haul reads.

~+  Traffic control would be provided along State Route 94. Flaggers with radios
would be stationed at key points.

+ Temporary berming would be constructed in areas where sxcavation was
taking place adjacent to the flow channel. The berms would prevent storm-
water runoff fromthe excavation to flowing in the chafinie].

o Ly

« Temporary channel relocation and berming would be construcied in areas
where excavation was taking place in the existing channel to bypass stream
flow and major storm-water runoff away from the excavation and to protect
the excavation from flooding and erosion.

+  FErosion controls would be instalied downgradient of all excavations to prevent
the transport of silt down the drainage by minor storm-water runoff flowing
out of the excavations.

= Restoration in are%_;_ outside of the drainage channel woBld include reshaping
access routes and staging areas. These areas would be mulched and seeded.

+ Restoration of excavation areas within the drainage would include grading to
avoid steep or vertical slope, with minimal backfilling. For stabilization,
erosion controls wouid be left at the downstream extent of these areas until
natural vegetation was reestablished.

- Plans addressing sediment and erosion control (including applicable permit
applications) would be submitted for approval by the proper authorities (e.g.,
St. Charles County Highway Engineer).

+  Surface water quality would be monitored during the removal action.
L . ‘F .
To guide cleanup activities, risk-based cleanup criteria for¥rincipal radicactive contami-
nants were derived for a corresponding risk level of 1 x 10" for the hypothetical child scenario.

Taaul
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These risk-based concentrations were calculated by combining the appropriate intake and risk
equations for the exposure pathways identified for the hypothetical child scenario (see Section 2.3
and Table 3). The calculated risk-based cleanup criteria are as follows: radium-226, 13 pCi/g:
radium-228, 13 pCifg; thorium-230, 350 pCi/g; and araniom-238, 200 pCi/g. The concentration limit
for uranium-238 includes the contribution from uranium-234, and the level for radium-228 includes
the contribution from thorium-228, Confirmation activities (including sampling) would be carried
out to ensure that jevels remaining in each remediated area after cleanup were at or below the
1 x 103 risk level for the hypothetical child scenario. For comparison, the equivalent risk-based
cleanup criteria for each radionuclide for the hunter scenario are 60 pCi/g for both radium-228 and
radium-226, 1,600 pCi/g for thorium-230, and 1,300 pCi/g for uraninm-238,




42

7 REFERENCES

Bair, F.E., 1992, The Weather Almanac, 6th ed., Gale Rescarch Inc., Detroit, Mich.

Bethel, W.M., et al., 1993, Small Mammal Population Analysis for the Weldon Spring Site Remedial
Action Project, prepared by Lindenwood College, St. Charles, Mo, for U.S. Depariment of Energy,
Oak Ridge Field Office, Oak Ridge, Tenn., May.

Black, P., and D. Carlson, 1996, memorandum from Black and Carlson (Neptune and Company, Inc.,
Los Alamos, N.M.), to M. Picel {Argonne National Laboratory, Argonne, I1i.), Aug.

Boemer, A.J., 1986, Radiological Survey of the August A. Busch and Weldon Spring Wildlife Areas,
Weldon Spring Site, St. Charles County, Missouri, Final Report, prepared by Oak Ridge Associated
Universities, Oak Ridge, Tenn., for U.S. Department of Energy, April.

Deming, D.1., 1986, Rediological Survey, U.S. Army Reserve Property, Weldon Spring Site,
St. Charles County, Missouri, Final Report, prepared by Oak Ridge Associated Universities, Ozk
Ridge, Tenn., for 1.58. Department of Energy, Jan.

DOE: see U.S. Department of Energy.

Environmental Science & Engineering, Inc., 1993, Weldon Spring Remedial Action Project 1992
Aguatic Biological Monitering - WP305, ESE No. 592-1043-0400, Final Report, prepared for
MEK-Ferguson Company, St. Charles, Mo., April.

EFPA: see U5, Environmental Protection ﬁgénc}f.

Frazer, G.D., 1996, letter from Frazer (U.8. Fish and Wildlife Service, Columbia Field Office,
Columbia, Mo.) 10 J.5. Van Fossen (U.S. Department of Energy, Oak Ridge Operations, Weldon
Spring Site., St. Charles, Mo.), July 29,

IT Corporation, 1992, Final Remedial Investization Report, Weldon Spring Ordnance Works RI/FS,
Weldeon Spring, Missouri, Project No. 312071, prepared for Department of the Army, Corps of
Engineers, Kansas City District, Nov.

Long, E.R., and 1..G. Morgan, 1990, Potential for Biological Effects of Sediment-Sorbed Contami-
nants Tested in the National Status and Trends Program, NOAA Technical Memorandum NOS
OMA 52, National Ocezn Service, Nationa! Oceanic and Atmospheric Administration, Seatile,
Wash.

Missouri Department of Conservation, 1989, Area Management Plan for the August A. Busch
Complex, Jefierson City, Mo.



43

Missouri Department of Conservation, 1989, Area Management Plan for the August A. Busch
Complex, Jefferson City, Mo.

Missouri Department of Natural Resources, 1991, Shallow Groundwater Investigations at Weldon
Spring, Missouri: Final Repor for F iscal Years 1988-1990, prepared by Division of Geology and
Land Survey, Rolla, Mo., for U.S. Depariment of Energy, Weldon Spring Site Remedial Action
Project, St. Charles, Mo., June,

Missouri Department of Natural Resources, 1992, Rules of Deparmment of Natural Resources:
Division 20— Clean Water Commission; Chapter 7 — Water Quality, Code of State Regrlations
10 CSR 20-7.031 (Water Quality Standacds), Jefferson City, Mo.

MEK-Ferguson C-cmpany. 1993, Final Repon for the Investigation, Sampling, and Characterization
of Sediments/Sludges within the Chemical Plant Process Sewers, inter-office comespondence from
E. Dowell to E.C. 2.1.13, April 13,

MK-Ferguson Company and Jacobs Engineering Group, 1989, Characterization of Chemical and
Radiclogical Contamination int Lake and Stream Sediments on Properties Surrounding the Weldon
Spring Site, DOE/OR/21548-060, prepared for U.S. Department of Energy, Oak Ridge Operations
Office, Weldon Spring Site Remedial Action Project, St. Charles, Mo., Aug.

MK-Ferguson Company and Jacobs Engineering Group, 1995, Southeast Drainage Items, intet-
office correspondence from K. Warbritton to distribution, June 22.

MK -Ferguson Company and Jacobs Engineering Group, 1996, Southeast Drainage Soils Review
Sampling Report, DOE/OR/21548-559, Revision 1A, prepared for U.S. Department of Energy, Oak
Ridge Operations Office, Weldon Sprng Site Remedijal Action Project, St. Charles, Mo., July.

Nash, T., 1990, letter from Nash (U.3. Fish and Wildlife Service, Coturnbia Field Office, Columbia,
Mo.) to L. Hlohowskyj {Argenne National Laboratory, Argonne, I11.) with enclosures, May 9

National Oceanic and Atmospheric Administration/Hazmat, undated, NOAA Screening Guidelines
for Organics and Inorganics; NOAA Quick Screening Reference Cards, NOAA/Hazmat, Seattle,
Wash. '

NOAA: sec National Oceanic and Atmospheric Administration.

Parkhurst, B.J., et al., 1984, “An Environmental Hazard Evaluation of Uranium in a Rocky Mountain
Stream,” Environmental Toxicology and Chemisiry 3:113-124,

Poston, T.M., et al., 1984, “Toxicity of Uranium to Daphnia magna,” Water, Air, and Soil
Pollution 22:289-298.




44

Reitinger, .J ., 1995, memorandumn from Reitinger (MK-Ferguson Company, St. Charles, Mo.) to
H. Hartmann (Argonne National Laboratory, Argonne, I1l.) describing May 1995 sediment sampling
near Springs 3303 and 5304,

Tieger, J., 1988, letter from Tieger (Field Supervisor, U.S. Fish and Wildlife Service, Columbia
Field Office, Columbia, Mo.} to L. Hlohowskyj {(Argonne National Laboratory, Argonne, 1L},
Dec. 22, ' L

U.S. Department of Energy, 1992, Baseline Assessment of the Chemical Plant Area of the Weldon
Spring Site, DOE/ER/21548-091, prepared by Argonne National Laboratory, Argonne, 1li., for
.S, Department of Energy, Oak Ridge Ficld Office, Oak Ridge, Tenn., Nov.

11.8. Department of Energy, 1995a, Sampling Plan for the Remedial Investigation/Feasibility Study
for the Groundwater Operable Unirs at the Chemical Plant Area and af the Ordnance Works Area,
Weldon Spring, Missouri (Appendix to the Work Plan), DOE/OR/21548-445, Rev. 1, prepared by
MK-Ferguson Company and Jacobs Engineering Group, St. Charles, Missouri, for the
U.S. Department of Energy, 02k Ridge Operations Office, Weldon Spring Site Remedial Action
Project, July.

U.S. Department of Energy, 19950, Work Plan for the Remedial Investigation/Feasibility Study for
the Groundwater Operable Units at the Chemical Plant Area and the Ordnance Works Area, Weldon
Spring, Missouri, DOE/OR/21548-567, prepared by Argonne National Laboratery, Argonne, I1L.,
for U.S. Department of Energy, Oak Ridge Operations Office, Weldon Spring Site Remedial Action
Project, Weldon Spring, Mo., Aug.

U.8. Environmental Protection Agency, 1986, Quality Criteria for Water 1986, EPA 440/5-86-001,
Office of Water Regulations and Standards, Washington, D.C., May.

.5, Envirenmental Protection Agency, 1989, Risk Assessment Guidance for Superfund, Volume I
Human Health Evaluation Manuai { Part A), EPAS540/1-89/002, Interim Final, Office of Emergency
and Remedial Response, Washingion, D.C,, Dec,

U.S. Environmentat Protection Agency, 1990, “National Oil and Hazardous Substances Pollution
Contingency Plan; Final Rule (40 CFR Part'300),” Federai Register 55(46):8666-8895, Marck: 8.

U.S. Environmental Protection Agency, 1992, Dermal Exposure Assessment: Principles and
Applications, EPA/GD0/8-91/011B, Interim Report, Office of Research and Development,
Washington, D.C,, Jan.

U.S. Environmental Protection Agency, 1994, Health Effects Assessment Summary Tables, FY-1994
Annual, EPA 540/R-94/020, Office of Sclid Waste and Emergency Response, Washington, D.C.,
March. -




45

U.S. Environmental Protection Agency, 1995, Integrated Risk Information System, Office of
Research and Development, database, accessed Jan.

van Lonkhuyzen, R., and 5. Yin, 1996, Floodplain/Wetiands Assessment for Remediation of the
Southeast Drainage at the Weldon Spring Site, Weldon Spring, Missouri, ANL/EAD/TM-64,
Argonne National Laboratory, Argonne, 111., Aug.

Walters, G.R., 1990a, A Phase I Survey and Evaluation of the Southeast Drainage of the Weldon
Spring Remedial Action Project Area, St. Charles County, Missouri, prepared by Triad Research
Services, Columbia, Me,, for U.S. Depantment of Energy and Argonne National Laboratory,
Argonne, 111, July 20.

Walters, G.R., 1990b, letter “from Walters (Triad Research Services, Columbia, Mo.) 10
L. Malinowski (Argonne National Laboratory, Argonne, KL}, Aug. 13.




47

APPENDIX A:

LOCATION-SPECIFIC RISK CALCULATIONS
FOR RADIOACTIVE CONTAMINANTS
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APPENDIX A:

LOCATION-SPECIFIC RISK CALCULATIONS
FOR RADIOACTIVE CONTAMINANTS

A.l1 METHODOLOGY

The doses associated with intake of radioactive contaminants resulting from incidental
ingestion of sediment wgre calculated as follows:

where:

IR =

EF =

ED =

FI =

BCE,

il

_._I}i=RixIRxEFxEDxFIxDCFi

dose from radionuclide i (mrem);

radionuclide concentration in sediment or surface water {pCi/g or

pCUVLY;

sediment or surface waler ingestion rate (gfevent or Lievent);
exposure frequency (eventsfyr):

exposure duration (yr),

fraction ingested from elevated areas (unitless); and

ingestion dose conversion factor for radionuclide i (mrem/pCi),

The doses from the external radiation pathway wete caiculated by using the methodology
from the DOE residual radioactive material (RESRAD) computer code (Yu et al. 1993). Dose was
calculated as follows:

where:

Di=RsixEFxEDxA><FxDCFm

1l

area factor for radionuclide i (unitless);

n

fraction of time spent in contaminated area {unitless); and

external gamma dose conversion factor for radionuclide 1
{{mrem/h)/(pCifg)).
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The DCF, ;, factors are based on the assumption that the radionuclides are uniformly distributed in
the soil, extending to an infinite depth and to an infinite lateral extent. Because contamination in the
drainage is heterogeneous, site-specific information was incorporated into the calculations. An area
factor was calculated for cach radionuelide of concern using an updated methodology incorporated
into RESRAD: a source radius of 2 m and a depth of 1 m were used as input. It was also assumed
that only 25% of the exposure time was spent in areas with elevated radionuclide concentrations
because a receptor would be likely to move around the drainage. Dose conversion factors for the
ingestion and external gamma irradiation pathway are provided in Table A.1, along with the
site-specific area factors for each radionuclide.

A.2 LOCATION-SPECIFIC CALCULATIONS

Location-specific calculations were performed to estimate the total radiological nsk
associated with each sampling location in the drainage. The results are presented in Table A.2. The
purpose of these calculations is to focus engineering design for removal of sediment in the drainage.
The methodology and exposure parameters used 10 calculate radiological health risks are provided
in Sections 2.3 and A.1 of this engineering evaluation/cost analysis {EE/CA). The exposure point
concentration for each location is an average of the surface (0 to 15-cin depth) and subsurface
samples for each radionuclide.

A.3 POSTCLEANUP RISK CALCULATIONS

Postcleanup radiological risk reduction calculations were also performed for Subalterna-
tives 2.1 and 2.2. Both alternatives involve the application of the convertional excavation technology
discussed in Chapter 4. Subalternative 2.1 involves excavation of selective locations that exceed a
risk of 1 % 107 for the child scenaric and that are accessible via existing routes and right-of-way
commidors, and Subalternative 2.2 involves removal of all locations in the drainage that exceed a risk
of 1 x 107, Risk reduction calculations were performed for each segment under each alterative. The
Jocations potentially targeted for removal are those locations in which the total risk exceeds 1 x 10,
as shown in Tahle A.2. Risk calculations for each scgment were based on the one-tailed 95% upper
confidence Jimit of the arithmetic average {(UCL), assuming that locations exceeding 1 x 10°% risk
wouid be remediated. The UCL was calculated assuming that remediated locations were equal to
two times background soil concentrations for each radioauclide (DOE 1992). The postremedial risks
for the current hunter scenario are presented in Table A.3, and those for the hypothetical child
scenario are presented in Table A4
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TABLE A.l Dose Conversion Factors and Area Factors for the External
Gamma Irradiation and Ingestion Fathways"

Ingestion®
External Gamma
Irradiation® DCE

Radionuchde  [(mrem/hW(pCisg)]  Area Factor® £, {mrem/pCit
Lead 210 7.0% 107 0.575 2x 107 6.7 % 107
Radium-226 1,3x% 107 0.555 1510t 11x10?
Radium-228 . gEx10* 0.546 2% 10" 12x107
Thorium-228 12 %107 0.530 ax10t  75x10%
Thorium-230 1.4 x 107 0.858 2 % 107 5.3 % 107
Uraninm-234 4.6 107" 0.858 5% 1072 26 x 10°
1x10? 25x10°

Uranium-238 1.6x 107 0.858 5 x 1072 2.5 x 107
1% 107 8% 107

In this assessment, the radiation doses assoctaled with thorium-228, lead-210,
and urenium-234 are inclnded with those reported for radium-228,

radium-226. and uranium-238, respectively. Thus, the DCF for radium-228 is
the sum of that for radium-228 plus thoricm-228, the DCF for uranium-238 is
the sum of that for uranium-238 plus uranivm-234, and the XCF for
radium-226 is the sum of thai for radium-226 plus lead-210. (See

Section 2.3.2.1 of the Baseline Assessment for the chemical plant area

[DGE 1992]).

Source; Eckerman and Ryman (1993).
Site-specific; derived for a contaminated radius of 2 m and depth of 1 m.

Fraction of a stable element entering the gastrointestinal tract that reaches
body fluids.

Soutce: Yu et al. (1993).
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TABLE A.3 Radiologica! Risk Reduction Cajculations
for the Current Hunter®

Carcinogenic Risk per Segment
Alernative A B L D
Baseline 1%10%  2x10%  2x10°  1x 10-%
2.1 sx10®  6x10%  9x30° §x10°
22 ax10%  1x10¢  1x10% 1x10°

1 Egtimated risks are summed over al} pathways and
“radionuclides.

TABLE A.4 Radiological Risk Reduction Calculations
for the Hypothetical Future Child"

Carcinogenic Risk per Segment
Alernanve A B C D
Baseline  5x10°  1x10%  9x 105 5x107
2.1 2% 10°  3x107  4x10°  2x 10
22 7x10¢  Sx10®  6x10%  6x10°

% Fstimated risks are summed over all pathways and
radionuclides.
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APPENDIX B:

CONTAMINANT UPTAKE MODELING FOR TERRESTRIAL WILDLIFE

B.1 INTRODUCTION

Risks 1o terrestrial wildlife were estimated by modeling contaminant uptake via drinking
water for three receptor species: the white-tailed deer, the white-footed mouse, and the great horned
owl. The uptake modeling permitted prediction of an applied daily dose (ADD) for each receptor and
each contarminant.

B.2 MODEL METHODOLOGY

Contarninant uptake from the ingestion of contaminated drinking water was estimated with
the following equation:

ADD,, =C4, XxFR X (IR4,/BW)
where:
ADD,, = applied daily dose from drinking water {mg/kg-d};

Cy, = EXposure point concentration (mg/L) at the drinking water supply,
i.e., the Southeast Dirainage.;

FR = fraction of total water ingestion from contaminated source;
IR, = ingestion rate of drinking water (g/d); and

BW

bedy weight (g) of the receptor.
Contaminant uptake through food chain transfer was also considered for the great homed owl, and
the uptake modeling included the water/white-footed mouse—great horned ow) pathway.

B.3 EXPOSURE FACTORS

Values for drinking water and food ingestion rates, body weights, and home ranges were
obtained from the Wildlife Exposure Factprs Handbook (EPA 1993) and the open scientific
literature. The exposure factors used for this risk assessment are presented in Tables B.1 through B 3.
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TABLE B.1 Exposure Factors for the White-Tailed Deer

Range of Geographic

Exposure Factor Mean  95% UCL Location Source
Body weighi (g} ) 90,000 A Missouri Schwartz and Schwariz (1981}
Water ingestion rate {g/g-d) 007 - - Estimated®
Home range (ha) ' 160 250 Missourl Schwartz and Schwartz {1981}
Seasonality facior 1.0 - - -

"® A hyphen (-} indicates 't‘hél. the information was not applicable or not available.
b Estimated by the following allometric equations {(EPA 1993):
Water Ingestion Rate (Lfd) = 0.099W™*, where W equals weight (49.33 kg); and
Normalized Water Ingestion Rate (g/g-d) = (Water Ingestion [g/d]) + W (g).

TABLE B.2 Exposure Factors for the White-Footed Mouse

Range or Geographic -

Exposure Factor Mean 95% UCL Location Source
Body weight {g) 21 A North America Miliar (1989)
Water ingestion rate (gig-d)  0.15 - - Estimated”
Home range (ha) 0.06 0.054 - D072 Virginia Wolff {1985)

2 A hyphen (-) indicaies that the information was not applicable or not available.

® Estimated by the following allometric equations (EPA 1993):
Water Ingestion Rate (L/d) = 0.095W®, where W equals weight (0.021 kg); end
Normalized Water Ingestion Rate (g/g~d) = {Water Ingestion {g/d]) + W (g}
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TABLE B.3 Exposure Factors for the Great Horned Ow!

Ranpe or Geographic
Exposure Facior Mean 95% UCL Lacation Source
Body weight (g} 1,505 2 Colerada Craighead and Craighead (196%)
Food ingestion rate (p/g-d) 0.092 - Wyoming, Michigan Craighead and Craighead (1969)
Waler ingastion rate {g/g-d) 0.052 - - Estimated®
Home range (ha} 7B.5 - | - Baumgartner (1939}
Diet coﬂmpi)silion: mamrri.als [%E). | 92 -  Wyoming, Michigan _Craighead and Craighead {1969}

2 A hyphen (-) indicates that the information was nol applicable or not availabic.

b Estimated by the following allometric e%ualiuns (EPA 1993}
Water Ingestion Rate (L/d) = 0.055W 67 where W equals weight (1.219 kg); and
Normalized Water Ingestion Raie (g/g-d) = (Water Ingestion [gfd]} + W (g).

Every effort was made 1o select exposure factors from populations nearest the Busch Conservation
Area. For the white-footed mouse and great horned owl, 100% of the ingested drinking water was
assumed to be obtained from the Scutheast Drainage, whereas only 7.4% of the total water intake
for the white-tailed deer was considered to come from the drainage. For the deer, this diet fraction
was developed as the ratio of the total surface water area of the Southeast Drainage (1.1 ha} to the
total available surface water area (15 ha) within the home range of the deer, centered on the midpoint
of the drainage. Because of the much smaller home range sizes of the white-footed mouse and great
homed owl, these latter species were considered to obtain all their drinking water from the drainage.

B.4 MODEL ASSUMPTIONS

Modeling contaminant uptake and determining the ADD includes the following
ASSLMPIIONS:

»  Consistent with EPA (1993} guidance, the home range used in this assessment
includes both daily activity and foraging ranges. '

«  All foraging activities of each receptor are constant and uniformiy distributed
over the receptor’s entire home range.

»  Contaminant uptake by biota will not significantly affect the environmental
concentration of contaminants.

« Contaminant assimilation is assumed to be complete (100%).




B.5 DOSE ESTIMATES

Predicted daily dose estimates via the drinking water pathway are presented in Table B.4.
Risks 1o wildlife were estimated by calculating a value of the ecological effects quotient (EEQ). Ths
value is calculated as the ratio between the predicted daily dose and a no-observed-adverse-effects
(NOAEL) benchmark dose concentration. Benchmark values used in this ecological assessment are
presented in Table B.5. Estimated EEQ values are presented in Table 10.
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TABLE B.4 Estimated Applied Daily Daose for the White-Tailed Deer, White-Footed Mouse,
and Great Horned Owl Using the Southeast Drainage

Applied Daily Dose (mg/ke-d)
Contaminant® White-Tailed Deer* _ White-Footed Mouse*  Great Horned Owl®
Metals
Aluminum £.001 EE LT N 0.015
Anlitnony = 0.001 014 0.005
Barium < 0.0{H 0.019 0.008
Chromiom < 0.0{1 0.004 0002
Copper < 0.001 < 0.001 < [.001
Iron ) T 0.001 0.044 0.020
Lead < (L.001 0.002 0.001
Magnesium 0.084 2.6 1.2
Manganese < (.001 0012 0.008
Molybdenum ' < (0.002 {4.006 0.003
Nickel < {1.001] 0.001 = 0.001
Silver < {1.001 < 0.001 < {1.001
Liranium, total 0.004 0.13 0.057
Vanadium < (1.001 0.004 0.002
Zinc = (001 0.008 003
Inorganic anion
Nitraie 0.16 5.0 23
Nitroaromatic compounds :
1,3.5-Trinitrobenzens < 0.0 = 0,001 < 0.001
1. 2-Dinitrobenzene < (L.0KH « .00} <1001
2.4.6-Toniwrotoluene 0.001 0.040 0018
2. 4-Dinirmaluene < 0,001 0.002 < (.00
2,6-Dinitrotoluene T = {(.001 0.002 < 0,001
2-Amino-4,6-dinitrotoluens < (.00} < 0.001] < (.01
4-Amino-2,6-dinitrotoluense < (.01 < (.001 <0001,
Nitobenzene < {1.001 < 0.001 < 0.001

* Drinking water pathway.

b Drrinking waler and food ingestion pathways.
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TABLE B.5 Benchmark Values for NOAEL Doses Used
io Estimate Risks to Ecological Receptors

Benchmark
Contaminant Receptor (mg/kg-d)*
Me1als
Alumiaom White-footed mouse 2.1
White-tailed deer 0.14
Great hormed owl ()
Antimony White-footed mouse 0.14
White-tailed deer 0.010
Great homed owl NAP
Bariom White-footed monse 14
White-tailed deer 1.0
Great homed owl 12
Chromiom White-foolted monse 8.2
White-tziled deer .61
Great horned owl 1.2
Copper White-footed mouse 41
White-tailed deer 31
Grezt homed owl 43
Lead Whie-fooled mouse 20
White-tailed deer 1.5
Grear horned owl 2.2
Manganese ‘White-footed mouse 220
' White-tailed deer 15
Great horned owl | 460
Molybdenum White-footed mouse 0.28
White-tailed deer 0.020
Great hormed owl 4.5
Nickel White-footed mouse 100
White-tailed dear 7.5
Great horned owl 20
Uraniurﬁ. total White-footed mouse 33
White-railed deer 0.25
Great homed owl 19



TABLE B.5 (Cont.}

Benchmark
Contaminant Receptor {mg/ke-d)*
Metals {(cont.)
Vanadizm Whte-footed mouse . D47
White-tajled deer 0.040
Great homed owl 13
Zine White-footed mouse 400
White-tpiled deer 30
Great horned owl 20
Inorgamc anion
Milrate While-focted monse 1,700
White-tailed deer 130
Great homed owl NA
Nitroaromatic compounds
1,3,5-Trinitrobenzens White-footed mouse 6.7
White-tailed decr 0.90°
Great homed owl NA
1,3-Dinitrobenzene White-footed mouse 0.23¢
White-tailed deer 0.030°
Greai homed owl NA
2.4, 6-Trinitrowluene White-footed mouse A0F
White-tailed deer 0.40°
Great hommed owl NA

_otherwise noted.

P NA = no benchmark available.
¢ Benchmark valoes from Talmage and Opresko (1996).

8 Benchmark values from Opresko et al. (1995), unless
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APPENDIX C:

POTENTIAL REGULATORY REQUIREMENTS
FOR THE SOUTHEAST DRAINAGE
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